In this letter, the cosmic distance duality relation (CDDR) is reconstructed by gaussian process (GP) which is cosmological model independent. We will at least use GP two times to get a continuous η which denotes the deviation of the CDDR. The GP is needed to make the redshifts of the luminosity distance data (LD, D L ) and the angular diameter distance data (ADD, D A ) at the same point. Then, it is possible to construct the η sample. And, the GP is needed again to see the shape of the CDDR (or η). The spherical sample of galaxy cluster (GC) which gives out the ADD data seems inconsistent with the CDDR.
Introduction
The comic distance duality relation (CDDR) is valid in any cosmological background where photons travel on null geodesics and where photon number is conserved [1, 2, 3, 4, 5, 6, 7, 8] .
Initially, it is called Etherington relation [6] . Basically, there are theoretical scenarios in which the CDDR would be violated. For example: deviations from a metric theory of gravity, photons not traveling along unique null geodesics, variations of fundamental constants, etc.. The CDDR is expressed as
where z is the cosmic redshift, D L and D A are luminosity distance (LD) and angular diameter distance (ADD) respectively. η is the parameter which denotes the deviation of the standard CDDR where η = 1. A small deviation from η = 1 may indicate breaks on fundamental physical theories.
Obviously, the testing of the cosmic distance-duality relation relies on astronomy heavily [9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22] . Specifically speaking, the observational ADD data (D A ) and the observational LD data (D L ) are needed. However, even we have the two kinds of data, the observational ADD data and the LD data are not at the same redshift, a η sample could not be given out. Try to solve this problem, the criterion (the redshift difference of the ADD and the luminosity data should be less than 0.005) and the numerical method (e.g. the interpolated method) are used [9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22] . Most of the existing research of CDDR rely on a parameterized η model. Here, we will try the non-parametric way which is important in building fundamental astronomical relation. The model independent gaussian process (GP) will be used to reconstruct the CDDR. The GP is a powerful non-linear interpolation tool for the cosmological and astronomical background [23, 24, 25, 26, 27, 28] . And, our observational data used are the ADD data from Refs. [29, 30, 31, 32] and the LD data from the Union 2.1 compilation [33] .
We arrange our letter as below. In Sec.2, the luminosity distance data and the angular diameter distance are introduced. So is the gaussian process. In Sec.3, first, we use the GP to make the ADD and the LD data at the same redshift. Then, based on the newly construted η samples, the GP is used again to reconstruct the shape of the CDDR. In Sec.4, a short summary about our methods and results will be presented.
Observational Data and Gaussian Process
As the morphology of galaxy cluster affects the CDDR [9, 10, 11, 12] , two existing samples of galaxy cluster data which provide the ADD data based on different morphology and dynamics will be separately used. The first sample is formed by 25 galaxy clusters [29, 30, 31] which were described by an isothermal elliptical β model, and we call it "the elliptical sample (ES)" for concise. The related D A measurements are combined with the X-ray and SZE analysis in the redshift 0.023 ≤ z ≤ 0.784. And, we call the other one "the spherical sample (SS)" which has 38 ADD galaxy clusters [32] . Its cluster plasma and dark matter distributions were analyzed by assuming a hydrostatic equilibrium model and spherical symmetry. The SS is in the redshift range of 0.14 ≤ z ≤ 0.89.
The latest Union2.1 supernovae(SNe) Ia compilation is also used here. It has 580 set data of µ B (z) in the redshift range of 0.01 ≤ z ≤ 1.41 (551 set data in the redshift range of 0.01 ≤ z ≤ 1). The luminosity distance of the SNe Ia data is gotten by
where µ B is the distance moduli. More details see Ref. [33] .
Gaussian process is a powerful non-linear interpolation tool which allows one to reconstruct a function from data without assuming a parametrization for it. Generally, based on the observational data, we could have the corresponding data at any redshift by using GP. GP has been introduced as non-parametric technique and was already used in the reconstruction of the equation of state of dark energy [23, 24, 25, 26, 27, 28] . As the CDDR is a important relation in cosmology and astronomy, we will use the public available gaussian process code GAPP (Gaussian Processes in Python) [23, 24] to do CDDR reconstruction which need to make the redshift of the LD and ADD data in the same point.
The Reconstructed Results of η
Our reconstructing method could be divided to two steps:
(1) We apply the GP to observational data (ADD data and LD data). Then, based on the existing GP data and observational data, we could get four different η samples which are list in Table 1 . The blue area is the 1σ C.L based on the GP result, the blue line is the best fitting line base on GP and the red one is the observational data with error bar. From left to right, the observational data are the Spherical Sample, the Elliptical Sample and Union 2.1 compilation respectively.
(2) Based on the four η samples, we reconstruct the shape of η and present our results in Figure 3 , 4 and 5 by using gaussian process once more.
For accuracy, our details of doing gaussian process are list as well.
(1) The accuracy of redshift z for GP is 0.001.
(2) For convenience, we transfer the luminosity distance data as D L (1 + z) −2 .
(3) As the redshift region of the ADD data is 0 ≤ z ≤ 1 roughly, our gaussian process to all observational data are limited in 0 ≤ z ≤ 1.
SNe Ia are affected by dust extinction, color evolution, reliability of the Phillips relation up to high z, uncertainty on the progenitors, possible existence of different sub-classes, etc.. And, galaxy cluster (GC) are affected by calibration of SZE and X-ray background flux contribute, associated to Sunyaev-Zedovich effect from point sources, statistics due to cluster morphology etc.. The systematical error of the observational data will pass to the GP resulting sample.
The Effect of GP
In Figure 1 , we list the result of the gaussian process for spherical sample, elliptical sample and Union 2.1 compilation separately. The left panel shows the GP resulting 1σ confidence level (C.L) could not cover the SS observational data. Meanwhile, the GP resulting 1σ C.L of ES and Union 2.1 compilation is narrower than the error of observational data. Through the new GP data has the systematical error of the observational data, one effect of the GP is that it avoid some deviated data in ES and Union 2.1 compilation because of the united covariance function. And the GP result of SS seems unphysical.
A Rough Check About CDDR
In Figure 2 , The blue, green and pink ones are the spherical sample, elliptical sample and 
The Shape of η
We list four η samples in Table 1 , and give out their GP performances in Figure 3 , 4 and 5 where the light blue area is the 1σ region of the gaussian process result, the red one is data with error bar. The result of gaussian process of Data I (GP of Union2.1 + SS ) and II (Union2.1+GP of ES) are shown in Figure 3 . The reconstructed area and the best reconstructed line for the two data seems irregular. After changing the kernel function in GP, the similar result will be given out. Obviously, the gaussian process of Data I and II do not give out a physical result through their shapes are around η = 1. As Data I(GP of Union2.1+ SS) shown, the spherical sample seems not favor the CDDR. There is no physical reason to explain the gaussian result of Data I. Instead, Data III (GP of Union2.1 + ES) and Data IV (GP of Union2.1 + GP of ES) give out reasonable results of η − z and η ′ − z in Figure 4 and 5. Figures 4 shows the best reconstructed value of η is nearly equal to 1 ( η ∼ 1.0). And η seems not dynamical (η ′ = dη/dz ∼ 0). Meantime, Figure 5 shows the best reconstructed value of η is slightly from η = 1 in the low and high redshift.
We consider the effect of GP of reconstructing η by comparing Data I, II, III and IV.
(1) The difference between Data I and Data III is one use the SS data while the other use the ES data. Figure 3 and 4 shows the ES is consistant with the CDDR while the SS not. That hints for GP, the systematic error (morphology) in the two samples may take an important part. Combined with the rough discussion in Subsec.3.2, the CDDR seems rule out the spherical sample (SS).
(2) The difference between Data II and IV is on the using of GP of Union 2.1 complication. Based on Figure 3 and 5, we could see that the first GP reduced the error of the Union 2.1 complication, so the Data IV data is much smooth. After the first Gaussian process, the Union 2.1 data with large error has been ruled out.
(3) The difference between Data III and IV is on the using of GP of ES data. We see that the tendency of Data III and Data IV are nearly the same in 0.1 ≤ z ≤ 0.9 while they are different in the low and high redshift region. In Data IV, both ADD data and LD is from GP process and in the region of 0 ≤ z ≤ 1.0. While, the range of z of observational ES is 0.023 ≤ z ≤ 0.784. The difference in 0 ≤ z ≤ 0.1 and 0.9 ≤ z ≤ 1 may come from the lack of observational data.
The summary
In this letter, GP successfully reconstructed the CDDR (or η). Data I (GP of Union2.1 + SS) and II(Union2.1 + GP of ES) lack data accuracy and seem unphysical. The spherical sample of galaxy cluster which gives out the ADD data seems inconsistent with the CDDR. Comparing Figures 3, 4 and 5, the tightest reconstruction is related to Data III (GP of Union2.1 + ES) which use two times of gaussian process, the Union 2.1 complication and the ES sample. Our results do not hint a dynamical CDDR. 
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Appendix: the covariance function
Basically, the gaussian process is given by a mean function with gaussian error bands, where the function values at different points z andz are connected through a covariance function which depends on a set of hyper parameters. In this letter, the general purposed Matern covariance function
give out the smoothest curve where K µ is a modified Bessel function and we set µ = 5/2.
